ADDITIONAL INDEX WORDS. education, decrease, degree, certificate, institution SUMMARY. For the past several years, many college horticulture programs have experienced a decline in undergraduate enrollment, resulting in the elimination of some degrees. In this study, we compared postsecondary U.S. horticulture program availability from a survey completed in 1997 with offerings existing in 2012 and 2017. In 1997, 446 U.S. postsecondary institutions offered degrees and/or certificates in horticulture. In 2012, this number had decreased by 43% to 253 institutions, which included 98 with 4-year degrees, 215 with 2-year degrees, and 138 with certificate programs. In 2017, the total number of institutions offering horticulture-related degrees and/or certificates decreased to 209, representing a 53% decrease over the 20 years from 1997 to 2017 and a 17% decrease during the 5-year period between 2012 and 2017. In 2017, 85 institutions offered 4-year degrees, 133 offered 2-year degrees, and 98 offered certificate programs, which over this 5-year period represents decreases of 13%, 38%, and 29%, respectively. ''Horticulture'' was the most common program title in both 2012 and 2017, and the percentage of programs with this name increased during the 5-year period for all program types. In 2017, 28 horticulture programs not identified in the 1997 survey were found, but only two of these were confirmed to have been created since 1997. Overall, these data suggest a trajectory toward elimination of 2-year and certificate programs, and continued consolidation for 4-year degrees. If it continues, this trend is not favorable for the continued vitality of postsecondary horticulture programs in the United States and may impact progress negatively for the field of horticulture as a whole.
SUMMARY. For the past several years, many college horticulture programs have experienced a decline in undergraduate enrollment, resulting in the elimination of some degrees. In this study, we compared postsecondary U.S. horticulture program availability from a survey completed in 1997 with offerings existing in 2012 and 2017. In 1997, 446 U.S. postsecondary institutions offered degrees and/or certificates in horticulture. In 2012, this number had decreased by 43% to 253 institutions, which included 98 with 4-year degrees, 215 with 2-year degrees, and 138 with certificate programs. In 2017, the total number of institutions offering horticulture-related degrees and/or certificates decreased to 209, representing a 53% decrease over the 20 years from 1997 to 2017 and a 17% decrease during the 5-year period between 2012 and 2017. In 2017, 85 institutions offered 4-year degrees, 133 offered 2-year degrees, and 98 offered certificate programs, which over this 5-year period represents decreases of 13%, 38%, and 29%, respectively. ''Horticulture'' was the most common program title in both 2012 and 2017, and the percentage of programs with this name increased during the 5-year period for all program types. In 2017, 28 horticulture programs not identified in the 1997 survey were found, but only two of these were confirmed to have been created since 1997. Overall, these data suggest a trajectory toward elimination of 2-year and certificate programs, and continued consolidation for 4-year degrees. If it continues, this trend is not favorable for the continued vitality of postsecondary horticulture programs in the United States and may impact progress negatively for the field of horticulture as a whole. C ollege horticulture programs face a number of threats, including declining enrollment in both 2-and 4-year programs, reduced budgets, loss of identity through mergers and consolidations, a perceived low regard for the discipline of horticulture in the wider field of biologic sciences, and negative press in print and online media (Bradley et al., 2003; Higgins, 2018; Loose, 2012; Meyer et al., 2016; Reed et al., 2016; Smith, 2001 Smith, , 2014 . Failure to address these challenges effectively could result in decreased resource allocation, replacement of retiring full-time faculty with adjunct instructors, loss of full-time faculty positions, reduced course offerings, and even elimination of entire programs (Hughes, 2001; LaWell, 2011; Reed et al., 2016; Smith, 2001) . During the past two decades, several reports have identified creative responses to these challenges, which include a shift in focus toward making programs more attractive to an increasingly urban student demographic, active marketing campaigns, and leveraging industry partnerships (Bradley et al., 2000; LaWell, 2011; Meyer et al., 2016; Miller, 2011; Reed et al., 2016; Smith, 2001) . Although a recent summary of declining enrollment trends in horticulture is available (Reed et al., 2016) , and anecdotal evidence suggests that threats to college horticulture programs continue, the lack of data on the number of programs through time has made it difficult to draw meaningful conclusions regarding the viability of postsecondary horticulture offerings at U.S. institutions.
In 2009, we became aware of a previously unpublished 1997 survey that attempted to identify all colleges in the United States that offered certificate, and 2-year and/or 4-year degrees in horticulture. This survey was led by Kent Hammond, Associate Professor of Landscape Contracting, at The Ohio State University Agricultural and Technical Institute. Hereafter referred to as the ''1997 survey,'' this effort resulted in a comprehensive list of institutions that offered one or more 2-year and/or 4-year degrees in horticulture at that time. The 1997 survey identified 446 postsecondary institutions that offered horticulturerelated programs across the United States. Included in this total were 49 landscape architecture programs. In addition, turfgrass science and, in some cases, agriculture were also included. The survey attempted to capture all horticulture programs, not just programs focused on ornamental horticulture. It is therefore not surprising that his group found a much greater number of postsecondary programs than the 114 colleges and universities offering horticulture programs identified by the American Society for Horticultural Science [unpublished data; cited in Bradley et al. (2000) ], which was completed around the same time.
The 1997 survey provided a basis for identifying and quantifying trends in availability of postsecondary horticulture programs in the United States. The primary objective of our study was to determine which institutions from the 1997 survey continued to offer horticulture programs in 2012 and again in 2017. For both years, we identified whether each institution offered certificates, 2-year, and/or 4-year degrees to better clarify recent trends related to horticulture offerings under each category. We also identified the most common program titles in 2012 and 2017. In 2017, we found additional postsecondary institutions offering horticulture that were not included in the 1997 survey. we searched the course catalog of each institution listed, found a listing of the programs available, and reviewed the curriculum of all horticulture-related offerings. We defined a horticulture program as any certificate, 2-year degree, or 4-year degree that included a minimum of three required horticulture classes (e.g., plant identification, plant propagation, nursery management, floral classes) as identified in the online course catalog of the institution. Therefore, some programs including terms in titles such as ''agriculture'' or ''plant science'' were counted, whereas others with these same terms were not.
Materials and methods
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We identified every named horticulture-related degree and defined the type of degree offered for each institution. However, because of the wide variety of subdivisions within degrees, we chose not to include more detail (e.g., ''tracks,'' ''specializations,'' or ''emphases''). When the website of an institution included no horticulture program in 2012, we made contact by e-mail and/or phone to verify whether a previously existing horticulture program had been eliminated.
In 2017, we repeated the Internet survey of postsecondary horticulture programs. Again, using the 1997 survey as a starting point, we verified the existence of programs at all listed institutions. In addition to verifying the status of programs in the 2012 survey, this allowed us to determine whether any institutions not offering a program in 2012 had revived it between completion of the 2012 and 2017 surveys. No such programs were found. We also completed a separate Internet search to determine whether new programs had been created since the completion of the 1997 survey. We searched for horticulture programs by state using online lists (Cappex, 2009; Macmillan Reference USA, 1997; Seed Your Future, 2016) and the online database CollegeSource (CollegeSource, 2005) that accesses the course catalogs of postsecondary institutions throughout the United States. Then, we crossreferenced these lists against the 1997 survey. All additional institutions were researched to verify that their relevant programs met the requirement of having three horticulture classes. We listed these additional institutions and programs. Because these additional programs were not included in the 1997 survey, a summary of findings about these institutions is provided here, but they are not represented in comparisons of data and trends regarding the 1997, 2012, and 2017 surveys.
Results and discussion
To the extent the 1997 survey accurately identified postsecondary U.S. institutions offering horticulture degrees, half the institutions had eliminated their horticulture programs 20 years later (Table 1) . Compared with 1997, 43% of institutions had eliminated their horticulture degrees by 2012 and 53% by 2017. In the 5-year period between 2012 and 2017, the greatest reduction in institutions offering degrees occurred with 2-year programs (38% decline during this 5-year period), followed by certificates (29% decline) and 4-year degrees (13% decline).
The 1997 survey used extensive personal contacts to identify colleges and universities offering degrees in horticulture at that time. Possible errors with this approach include false positives (i.e., when contacts reported erroneously that an institution offered a horticulture degree) and false negatives (i.e., when contacts were not aware of a college offering a horticulture degree). However, by searching College Blue Books independently (Macmillan Reference USA, 1997) both types of errors were minimized. Through conversations with Kent Hammond, who led the 1997 survey, we were unable to rule out completely the possibility that horticulture-related degrees (e.g., plant science, agronomy) with no or minimal horticulture were included occasionally (K. Hammond, personal communication). The 1997 survey probably had a small amount of error; however, it represented the most complete and accurate known data set characterizing the status of horticulture education at that time.
In 2012, we were interested initially in capturing enrollment data for horticulture programs. However, we found the information provided was often either unreliable or unavailable. This was particularly true of certificate and 2-year-degree programs. Students attending many institutions offering these programs were working professionals who enrolled part-time and/or only occasionally. For 2-year institutions offering certificates in addition to degrees, it was often unclear Because some schools offered multiple types of degree programs, the number of total schools is less than the sum for each type of program.
whether a particular student had transitioned to a degree program. Because enrollment numbers were frequently acknowledged to be estimates, we chose not to report them here. However, Reed et al. (2016) reported recent horticulture enrollment trends. We did not include, but recognize the value of, programs offered outside of traditional postsecondary institutions, such as the Professional Gardener Program at Longwood Gardens (B. Trader, personal communication). The 1997 survey was conducted primarily to provide ALCA members with a list of institutions where students interested in landscape-related careers could be recruited (K. Hammond, personal communication). Therefore, landscape architecture programs were included in that survey. We recognize many professionals do not consider landscape architecture to be part of the academic discipline of horticulture. However, similar to other named degrees, we chose to include landscape architecture if the program required a minimum of three horticulture courses. We acknowledge this low-threshold requirement for horticulture inclusion in our survey captures a wide range of programs.
The 2012 and 2017 surveys distinguished whether institutions offered 2-year and/or 4-year degrees as well as any type of horticulture certificates. As several institutions offered more than one horticulture-related degree, the number of degrees offered was greater (Table 2 ) than the number of institutions offering these degrees (Table 1) . We found that, similar to the total number of institutions offering horticulture degrees, the number of programs within each category also decreased. Between 2012 and 2017, the overall number of 4-year degrees offered decreased by 54%, which is five times greater than the reduction in the number of institutions offering 4-year degrees (Tables 1 and 2 ). This sharp decrease resulted from a recent major effort to consolidate (e.g., combine two or more degrees into a single degree that may or may not have parts of both degree names) or to eliminate some degrees. Consolidation was generally evident by comparing the names of degrees offered in 2012 with those in 2017; however, it was at times difficult to determine definitively whether a degree had been eliminated or whether it had been merged with one or more other degrees.
Likely factors associated with the merging and elimination of horticulture degrees include declining enrollment in some formerly popular areas within this field (Reed et al., 2016) as well as efforts to reduce the administrative burden associated with a degree (e.g., resulting from separate assessment requirements for each degree offered). We acknowledge that program consolidation resulting in titles substantially different from traditional horticulture terms could lead to occasional false negatives, especially in cases when the institution's website and course offerings were unclear or difficult to navigate. However, we attempted to minimize these potential errors by searching through the entire list of programs offered at the institutions and reviewing the curriculum of any potentially relevant program to determine whether it met the three-class requirement.
The 38% reduction in 2-year degrees offered (calculated from Table  2 ) was coincidentally identical to the percentage reduction in the number of institutions that offered 2-year degrees (Table 1 ). The percentage decrease in certificates between 2012 and 2017 was less than the decrease in number of institutions that offered certificates (20%). This result is in part because of some institutions eliminating their 2-year degrees between 2012 and 2017, but continuing or beginning to offer one or more horticulture-related certificates.
Program titles offer clues into the ways institutions market their horticulture curricula. A comparison between the most common words used in 2012 program titles with their use in 2017 indicates that ''horticulture'' continued to be the most common word associated with horticulture programs. Observed reductions in both institutions and named degrees between 2012 and 2017 did not result in dramatic shifts in program titles. Occurrences of the word ''horticulture'' actually increased for 4-year degree and certificate categories, despite the declining number of programs. ''Landscape'' was clearly a popular word in program titles as well. This was partly a result of its frequent association with each of the other commonly used program words in Table 3 (e.g., landscape design, landscape horticulture, landscape management, landscape technology).
Despite title changes and mergers with other programs [and departments (Reed et al., 2016) ], ''horticulture'' as a program title continued to be the most common name for 4-year, 2-year, and certificate programs (Table 4) . For 4-year-degree programs, the second most common term was ''landscape architecture.'' However, there was a reduction of more than 50% in the number of programs titled ''landscape architecture'' between 2012 and 2017, resulting from several landscape architecture programs falling below the minimum requirement for horticulture classes. The second-most commonly occurring name for 2-year degrees was ''horticulture technology'' in both years, whereas the second-most commonly occurring name for certificates was ''landscape design'' in both years surveyed.
The study of the most common words and titles did reflect some changes between 2012 and 2017. ''Technology'' increased in number for 4-year institutions and certificate programs, and as a percentage for all three program types. However, use of the word ''turf'' decreased in both number and percentage between 2012 and 2017 (Table 3 ) by more than 50% in both 2-year and 4-year degrees. The percentage of 2-year and certificate programs including the word ''management'' and the number of 2-year degrees with the word ''design'' also decreased between 2012 and 2017. The third most common name for 4-year degree programs was ''environmental horticulture'' in 2012 and ''plant science'' in 2017. While completing the 2017 survey, we identified postsecondary institutions offering horticulture programs that were not included in the 1997 survey. We did this to determine whether new horticulture programs were being created that might offset the decline in institutions identified in the 1997 and 2012 surveys. In 2017, we found 28 institutions offering horticulture that had not been identified in 1997 (Table 5) . These institutions offered a total of 67 programs. We wanted to know whether these additional institutions had recently created new programs or whether they had been overlooked in the 1997 survey. We made phone calls and sent e-mail messages to contact representatives of each institution in an attempt to determine when the programs had been created. Using this approach, we were able to verify the status of 20 of these institutions (69%). Of these, only two had created new programs since the completion of the 2012 survey. East Mississippi Community College began to offer a 2-year degree in Landscape Management, and Aims Community College began offering 2-year degrees called Environmental Horticulture-Landscape Business and Horticulture Business Management. We also learned that the University of Mount Olive, although not yet counted in these 28 institutions, is in the process of creating new programs that will focus on horticulture and soil science to meet local industry needs (W.D. Phillips, personal communication). All other institutions indicated that their programs existed before 2012, although those we contacted could generally not provide a specific year for program initiation. Therefore, although these 28 institutions add to the total number of postsecondary institutions offering horticulture programs, the minimal number of newly created programs confirms that the overall downward trajectory in horticulture programs is not being offset by the creation of new programs.
Considerably This only counts ''landscape design'' as a stand-alone title. It does not count landscape design followed by other specializations (e.g., ''landscape design and ornamental crops''). Some schools offered multiple types of programs (4-year, 2-year, and certificates). Therefore, the sum of schools is greater than the total. and 2012 showed only a slight decline (Reed et al., 2016) . Although the number of institutions offering 4-year horticulture degrees during this same period only declined from 98 to 85, the fact that the degrees offered by these institutions declined by over 50% (i.e., 344 to 158) illustrates that horticulture programs at 4-year institutions have undergone major and widespread restructuring. Fewer college and university programs, coupled with negative enrollment growth at most of these institutions (Reed et al., 2016) , yield fewer horticulture graduates to meet the demand for an educated workforce. As several reports argue, there are already too few students graduating in horticulture to meet industry needs (Bradley et al., 2003; Higgins, 2018; Meyer et al., 2016) . One unfortunately held view is that horticulture degrees are unnecessary because they lead to low-wage jobs that may not support an individual's lifestyle (Higgins, 2018; Loose, 2012; Meyer et al., 2016) . Because employers are forced increasingly to hire individuals lacking formal horticulture education, the devaluation of a horticulture degree could increase even further. From the perspective of horticulture programs at 4-year institutions that recruit transfers from 2-year programs, the loss of 2-year institutions will contribute to additional declines in enrollment. However, as Reed et al. (2016) concluded, many universities have already adopted admission policies that make it harder for students to transfer from 2-year institutions. In a study of students enrolled in horticulture nearly two decades ago, 46% had first enrolled in a 2-year horticulture degree and then transferred to a 4-year program, which was greater than the national average for transfer students at that time (Bradley et al., 2000) . The decline in 4-year horticulture enrollments reported by Reed et al. (2016) is probably a result, in part, of the decrease in students from 2-year institutions transferring into their programs.
In 2017, two institutions were identified with new programs that had been created since 2012. One of these (East Mississippi Community College) created a new 2-year landscape management program and attributed their success, in part, to positive relationships with Mississippi State University: a 4-year institution (W. Arnett, personal communication). The faculty contact at Aims Community College was recently hired and unaware of the specific circumstances surrounding the creation of their two horticulture programs (A. McFarland, personal communication) . It may be significant that the horticulture curriculum at Aims Community College is based on Colorado Statewide Articulation Agreements, which allows graduates to transfer to Colorado State University.
We acknowledge that the data presented here cannot predict definitively future trends associated with postsecondary horticulture programs. However, our findings support other recent reports suggesting that horticulture programs at many institutions are facing difficulties. We agree with the conclusions of Higgins (2018) and Meyer et al. (2016) that either a major marketing effort or a major shift in public perception related to horticulture education is needed to reverse the downward trend in postsecondary horticulture programs. We recognize the efforts being made by programs such as Seed Your Future (Seed Your Future, 2018), American Floral Endowment (American Floral Endowment, 2005) , and Center for Growing Talent (Produce Marketing Association, 2016) to raise awareness of industry opportunity. This effort is beneficial to bring positive exposure to the horticulture industry as a whole. However, localized action at individual institutions needs to be taken to maximize the benefits of these large-scale efforts.
The downward spiral that culminates with program elimination has many powerful forces that require attention, often simultaneously. Retirement of faculty who acted as strong advocates of programs, loss of fulltime teaching positions, decreased enrollment, shifted or reduced resource allocation, identity loss through program or department mergers, perceived low return on tuition investment, and public perception issues are often correlated if not causally linked. Educators who are trained in and passionate about the horticulture discipline may not be adequately prepared for dealing with the issues presented here and also discussed by others (Higgins, 2018; Meyer et al., 2016; Reed et al., 2016) . Nonetheless, failure to discover effective solutions will likely result in continued loss of horticulture programs in the future. Consequently, it may be profitable for faculty and other professionals in the field of horticulture to discover, articulate, and share with each other the specific reasons why some programs are thriving [e.g., institutions showing positive enrollment growth listed in Table 1 of Reed et al. (2016) ]. Although each vulnerable horticulture program represents a unique combination of faculty, funding, and institutional climate, an understanding of the best ideas for not only surviving-but thriving-as a program should be pursued actively.
